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(57) ABSTRACT

A wrist driving mechanism capable of arranging a large
amount of cables and pipes 1n a robot arm. A robot wrist
mechanism having three degrees of freedom 1s driven by
first, second and third drive shafts for transmitting driving
forces of first, second and third motors M4, M5 and M§6,
respectively. The first drive shaft 1s a hollow shait for
transmitting a rotational driving force from the motor M4 to
a first wrist element supported rotatably around the first axis
B1. The second and third drive shaits are arranged eccen-
trically with the first axis B1 1n an inner space of the first
drive shait. The second drive shaft transmits a rotational
driving force from the motor MS to a second wrist element
supported rotatably around the second axis B2, and the third
drive shait transmits a rotational force from the motor M6 to
a third wrist element supported rotatably around the third
axis B3. A first gear and a third gear as planet gears and a
second gear and a fourth gear as sun gears are provided for
avoiding complication of structure due to the eccentric
arrangement ol the second and third drive shafts.

8 Claims, 3 Drawing Sheets
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1
WRIST DRIVING MECHANISM FOR ROBOT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a driving mechanism of a
wrist of a robot, and 1n particular to a technique for securing,
a sullicient space for arranging cables/pipes for supplying
energy and/or fluid to a tool to be attached to an end of the
wrist without complication of structure of the driving
mechanism.

2. Description of Related Art

There 1s known a wrist driving mechanism having three
degrees of freedom around three axes and a space for
arranging cables/popes 1n a robot arm, as disclosed i JP
2000-334689A and EP 0873826B1. In the prior art, hollow
drive shafts having different diameters for the three axes are
concentrically arranged along an axis of rotation of the robot
arm for providing the space for arranging the cables/pipes 1n
the 1inner hollow shatt.

In the above structure, in order to arranging a large
number of cables/pipes 1n the space 1n the inner hollow drive
shaft, 1t 1s necessary to design diameters of the drive shaits
for the three axes larger to secure a suflicient space in the
inner shaft. However, 1f the diameters of the drive shatts are
made larger, a diameter of the robot arm 1s made greater to
increase a possibility of causing an interference between the
robot arm and a peripheral device 1n an operation of the

robot. Further, weight of the robot arm increases to lower
controllability of the robot.

SUMMARY OF THE INVENTION

An object of the present invention 1s to improve the wrist
driving mechanism for the robot such that a suflicient space
for arranging cables and/or wrist 1s provided in the robot
arm.

Another object of the present invention 1s to improve the
wrist driving mechanism such that driving sources for the
three axes of the wrist driving mechanism are enabled to be
mounted on a wrist mounting base to avoid complication of
the wrist driving mechanism.

The present invention provides a robot wrist driving
mechanism for driving a wrist mechanism provided at a
distal end of an robot arm and having three degrees of
freedom around first, second and third axes. The robot wrist
driving mechanism comprises: first, second and third motors
arranged at a proximal portion of the robot arm; a mounting
base; a first wrist element supported rotatably on the mount-
ing base around the first axis; a hollow first drive shait for
transmitting a rotational driving force of the first motor to
the first wrist element relatively to the mounting base; a
second wrist element supported rotatably on the first wrist
element around the second axis; a second drive shaft
arranged 1n an 1ner space of the first drive shait to be
eccentrically with the first axis, for transmitting a rotational
driving force of the second motor to the second wrist
clement relatively to the first wrist element; a third wrist
clement supported rotatably on the second wrist element
around the third axis; and a third drive shait arranged 1nside
the first drive shatt to be eccentrically with the first axis, for
transmitting a rotational driving force of the third motor to
the third wrist element relatively to the second wrist ele-
ment.

The robot wrist driving mechanism may further comprise
a first gear fixed at a proximal end of the second drive shatt;
a second gear supported on the mounting base rotatably
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around the first axis and engaged 1n mesh with the first gear;
a third gear fixed at a proximal end of the third drive shatt;
and a fourth gear supported on the mounting base rotatably
around the first axis and engaged in mesh with the third gear,
and the second drive shaft and the third drive shaft may be
supported on the first drive shait revolvable around the first
axis with the rotation of the first wrist element.

With the above arrangement, a region for arranging cables
and/or pipes for a tool to be attached to the third wrist
clement 1s formed around the first axis in the iner space of

the first drive shalft.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a robot wrist driving
mechanism according to an embodiment of the present
invention;

FIG. 2 1s a cross-sectional view of the wrist driving
mechanism as shown in FIG. 1 along a line II—II perpen-
dicular to a first axis B1 for showing relative positions of
first, second and third drive shafts;

FIG. 3 1s a cross-sectional view of another wrist driving,
mechanism having different relative positions of the first,
second and third drive shafts;

FIG. 4 1s a cross-sectional view of still another wrist
driving mechanism having different relative positions of
first, second and third drive shafts; and

FIG. 3a 1s a cross-sectional view of a wrist driving
mechanism with second and third drive shafts arranged
separately, and FIG. 3b 1s a cross-sectional view of a wrist
driving mechanism with the second and third drive shafts
arranged concentrically.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

FIG. 1 schematically shows a robot wrist driving mecha-
nism for driving a wrist mechanism provided at a distal end
of a robot arm according to an embodiment of the present
invention.

The robot wrist mechanism has three degrees of freedom
around three different wrist axes of a first axis B1, a second
axis B2 and a third axis B3, and a first motor M4, a second
motor M5 and a third motor M6 are provided at a proximal
portion of a robot arm as driving sources of the three wrist
axes B1, B2 and B3, respectively.

Three drive shaits of a first drive shait 4, a second drive
shaft 5 and a third drive shaft 6 are used for transmitting
driving power of the first, second and third motors M4, M5
and M6 to first, second and third wrist elements 8, 10 and 13,
respectively. The first drive shait 4 1s an elongated hollow
shaft having a diameter larger than those of the second and
third drive shafts 5 and 6. The second drive shaft 5 and the
third drive shaft 6 are arranged 1n an mner space 20 of the
hollow first drive shaft 4.

Referring to FIG. 2 which shows a cross-section perpen-
dicular to the first axis B1, 1t 1s notable that the second drive
shaft 5 and the third drive shaft 6 are arranged eccentrically
of the first axis B1 by predetermined distances respectively
so that an appropriate space 1s formed between the second
and third drive shafts 5 and 6. That 1s, the three drive shafts
4, 5 and 6 are not arranged concentrically or coaxially.

The first drive shaft 4 i1s supported on a wrist mounting,
base 7 rotatably around the first axis B1 as a primary element
for transmitting a driving force for rotating the first wrist
clement 8 around the first axis B1. The first motor M4 1s
mounted on the wrist mounting base 7 so that a driving force
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1s transmitted to the hollow first drive shait 4 via a speed
reducer RV4. The driving force of the first motor M4 may be
transmitted to the first drive shait 4 directly. The first wrist
clement 8 1s attached to a distal end of the first drive shaft
4 to be rotated around the first axis B1. The first wrist
clement 8 may be connected to a distal end of the first drive
shaft 4 via a speed reducer.

In this embodiment the elongated hollow first drive shaft
4 functions as an arm of a robot. Alternatively, an arm
mounted on the wrist mounting base 7 may be provided
separately from the first drive shaft 4 such that the drive
shaft 4 1s arranged 1nside the arm.

The second drive shaft 5 1s an elongated driving element
for transmitting a driving force to rotate the second wrist
clement 10 around the second axis B2 and 1s arranged 1n the
iner space 20 in the hollow first drive shaft 4 displaced
from the first axis B1 by the predetermined distance.

A rotational driving force of the second motor M5 1s
transmitted to the second drive shait 5 via transmuitting gears,
as described later. The second wrist element 10 1s mounted
and supported on the first wrist element 8 rotatably around
the second axis B2. A speed reducing means 12 including a
speed reducer RVS 1s arranged 1n the first wrist element 8,
and an output shaft of the speed reducer RVS 1s connected
with the second wrist element 10. A distal end of the second
drive shafts 5 1s connected to the speed reducing means 12.
With this arrangement, the rotational driving force of the
second drive shaft § 1s transmitted to the second wrist
clement 10 through the speed reducing means 12.

The third drive shait 6 1s an elongated driving element for
transmitting a driving force to rotate the third wrist element
13 around the third axis B3 and is arranged 1n the inner space
20 1n the hollow first drive shait 4 displaced from the first
axis B1 by a predetermined distance.

A rotational driving force of the third motor M6 1s
transmitted to the third drive shaft 6 through a transmitting,
gear train, as described later. A third wrist element 13 1s
mounted and supported on the second wrist element 10
rotatably around the third axis B3. A speed reducing means
15 including a speed reducer RV6 1s arranged 1n the second
wrist element 10, and an output shaft of the speed reducer
RV6 1s connected with the third wrist element 13. A distal
end of the third drive shait 6 i1s connected to the speed
reducing means 15. With this arrangement, the rotational
driving force of the third drive shait 6 1s transmitted to the
third wrist element 13 through the speed reducing means 15.

The arrangement of the second and third drive shafts 5
and 6 1s not restricted to the arrangement as shown 1n FIG.
2 and may be an arrangement as shown in FIG. 3 or FIG. 4.
In the arrangement as shown in FIG. 2, a straight line
connecting an axis of the second drive shaft 5 and an axis of
the third drive shaft 6 extends on the first axis B1, but the
straight line does not extend on the first axis B1 i the
arrangement as shown in FIG. 3. In the arrangement as
shown 1n FIG. 4, the third drive shaft 6 1s hollow and the
second drive shaft 5 1s inserted into an nner space of the
hollow third drive shaft 6 and arranged concentrically.

As shown 1n FIGS. 1-4, a region 21 1s formed 1n the wrist
driving mechamism along the first axis B1 for arranging
cables and/or pipes for supplying electricity, fluid, etc. to a
tool (not shown) to be attached to the third wrist element 13.
Using the first drive shait 4 having the same diameter, 1t 1s
possible to design a sectional area of the region 21 for
arranging cables/pipes in the arrangement as shown in FIGS.
2 and 3 to be larger than that of the region 21 for arranging
cables/pipes in the arrangement as shown in FIG. 4.
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The reason of the above 1s described referring to FIGS. 5a
and 5b. In the arrangement where the second drive shaft 5
and the third drnive shait 6 are arranged concentrically as
shown 1n FIG. 5b, as long as a diameter of the mner drive
shaft, 1.e. the second drive shaft 5 1n this example, 1s
maintained so as to secure the necessary driving force to be
transmitted, a diameter of the outer drive shaft, 1.e. the third
drive shaft 6 1n this example, has to be larger than that of the
third drive shaft 6 1n the arrangement where the second and
third drive shaits 5 and 6 are arranged separately as shown
in FIG. 3a, so that bearings for supporting the third drive
shaft 6 1s made larger. Thus, it 1s dithcult to secure a large
sectional area of the region 21 for arranging cables/pipes at
the center of the first drive shaift 4.

The dnving force transmission mechanism will be
described further in detail. A first gear 17 1s fixed to a
proximal end of the second drive shafts. An annular second
gear 16 having two sets of teeth 1s supported on the wrist
mounting base 7 rotatably around the first axis B1. One of
the teeth sets of the second gear 16 1s engaged in mesh with
the first gear 17 and the other of the teeth sets 1s engaged 1n
mesh with an output gear connected with an output shaft of
the second motor MS. The first gear 17 functions as a planet
gear rotatably supported by the first drive shaft 4 as a planet
carrier and revolving around the second gear 16 as a sun
gear.

Similarly, a third gear 19 1s fixed to at a proximal end of
the third drive shatt 6. An annular fourth gear 18 having two
sets of teeth 1s supported on the wrist mounting base 7 at
iner side of the second gear 16 rotatably around the first
axis B1. One of the teeth sets of the fourth gear 18 1s engaged
in mesh with the third gear 19 and the other of the teeth sets
1s engaged 1 mesh with an output gear connected with an
output shaft of the third motor M6é6. The third gear 19
functions as a planet gear rotatably supported by the first
drive shait 4 as a planet carrier and revolving around the
fourth 18 gear as a sun gear.

It should be noted that the second drive shait 5 and the
third drive shait 6 are arranged eccentrically with respect to
an axis of the first drive shait 4 (the first axis B1) and the
second gear 16 and the fourth gear 18 have annular shapes,
to allow a room for securing the region 21 for cables/pipes
in the inner space 20 of the first drive shaft 4 inside the
second gear 16 and the fourth gear 18. This means that the
space 21 1s provided along the first axis B3 sufliciently fo
arranging cables/pipes for supplying air, electricity, signal,
fluid, etc. to a tool such as a gun and a hand to be attached
to the third wrist element 13.

Further, 1t 1s advantageous to arrange the second drive
shaft 5 and the third drive shaft 6 at outermost positions in
the inner space 20 of the first drive shait 4 1n preventing an
interference between the drive shafts 5 and 6 and the
cables/pipes.

As described above, since the second drive shaft 5 and the
third drive shaft 6 are supported independently of each other
and so as to be displaced from the first axis B1 with the
predetermined distance in the mner space 20 of the first drive
shaft 4, it 1s possible to make diameters of the second and
third drive shaits 5 and 6 smaller than those in the conven-
tional arrangement 1n which the three hollow drive shaifts are
arranged concentrically for forming the region for cables/
pipes 1n the mmnermost shait. This 1s because 1t 1s only
necessary for the second and third drive shafts 5 and 6 to
have minimum diameters required for transmitting respec-
tive drive forces since the concentric relation with the first
drive shaft 4 1s canceled. In the case of adopting the
arrangement of the three drive shafts shown 1n FIG. 4, 1t 1s
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possible to make the inner drive shatt 5 sufliciently thin, and
therefore the diameter of the outer drive shaft 6 1s not so
large since 1t 1s suilicient to have the diameter slightly larger
then that of the 1inner drive shatt 5.

With the above arrangement, the region 21 for arranging
cables/pipes for a tool to be attached to the third wrist
clement 13 1s made larger around the first axis B1 by simply
making the diameter of the first drive shait 4 larger.

The transmission of the driving forces by the transmission
mechanism including the drive shafts 4-6 and the gears
1619 will be described 1n detail.

First, with respect to the third drive shatt 6, a driving force
1s transmitted to the third drive shaft 6 from the driving
source 1including the third motor M6 to rotate the third drive
shaft 6. The driving force 1s transmitted to the speed
reducing means 15 arranged in the first and second wrist
clements 8 and 10. The third wrist element 13 mounted on
the second wrist element 10 1s rotated around the third axis
B3 by the rotational driving force from the speed reducing
means 15.

Similarly, a driving force is transmitted to the second
drive shait 5 from the driving source including the second
motor M5 to rotate the second drive shait 5. The driving
torce 1s transmitted to the speed reducing means 12 arranged
in the first wrist element 8. The second wrist element 10
mounted on the first wrist element 8 1s rotated around the
second axis B2 by the rotational driving force from the speed
reducing means 12.

Since the speed reducing means 15 for the third wrist
clement 13 1s supported on the second wrist element 10
around the second axis B2, which supports the third wrist
element 13 around the third axis B3, when the second wrist
clement 10 1s rotated by the second driving system, the third
wrist element 13 1s rotated around the second axis B2 with
the rotation of the second wrist element 10 so that a
rotational force to rotate the third wrist element 13 around
the third axis B3 or the third drive shait 6 around 1ts axis 1s
inputted to the third driving system.

Therefore, 1f the third motor Mé connected to the third
drive shaft 6 1s not rotated for canceling the rotation of the
third wrist element 13, the third wrist element 13 1s rotated
unintentionally. Thus, the third motor M6 1s rotated for
canceling the rotation of the third wrist element 13 around
the third axis B3 when the second wrist element 10 1s rotated
so that the third wrist element 13 1s not rotated around the
third axis B3 when the second wrist element 10 1s rotated
around the second axis B2.

Similarly, a driving force 1s transmitted to the first drive
shaft 4 from the driving source including the first motor M4
to rotate the first drive shait 4. The driving force 1s trans-
mitted to the first wrist element 8 to be rotated around the
first axis B1.

Since the second drive shaft 5 and the third drive shatt 6
are supported on the first drive shait 4 rotatably around their
respective axes to be displaced from the first axis B1, when
the first wrist element 4 1s rotated by the first driving system,
the second and third drive shafts 5 and 6 are rotated around
the first axis B1 with the rotation of the first drive shait 4 so
t
t

"y

nat rotational forces are generated to rotate the second and
ird driving shaits 5 and 6 around their respective axes.

S0 as to cope with the rotation of the second and third dive
shafts 5 and 6 with the rotation of the first drive shait 4, a
structure 1n which driving source units including the second
motor M5 for driving the second drive shatt 5 and the third
motor M6 for driving the third drive shait 6 are rotatable
with the first wrist element 8 around the first axis B1 may be
adoptable.
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However, in adopting the above structure 1t 1s necessary
to arrange the driving source units including the second
motor M5 and the third motor Mé to be rotatable with
respect to the wrist base 7 around the first axis B1. It 1s a
matter of course that such structure 1s complicated and 1t 1s
dificult to arrange cables for the driving sources.

According to this embodiment of the present invention,
the annular second gear 16 in mesh with the first gear 17
attached to the end of the second drive axis 5 1s provided and
supported on the wrist base 7 rotatably around the first axis
B1, and the fourth gear 18 in mesh with the third gear 19
attached to the end of the third drive shatt 6 1s provided and
supported on the wrist base 7 rotatably around the first wrist
axis B1, so that the second drive shaft 5 and the third drive
shaft 6 are supported to be revolvable around the first axis
B1 with the rotation of the first wrist element 8 around the
first wrist axis B1.

When the second drive shait 5 and the third drive shait 6
are revolved around the first axis B1 with the rotation of the
first drive shaft 4 around the first drive shaft B1, the second
motor MS and the third motor M6 connected to the second
and third drive shafts 5 and 6, respectively, are driven to
rotate the second gear 16 and the fourth gear 18 so as to
cancel the rotation of the second drive shaft 4 and the third
drive shaft 6 around their respective axes, so that the second
and third wrist elements 10 and 13 are not rotated around
their respective axes with the rotation of the first wrist
clement 8 when the first wrist element 8 1s rotated.

The above description 1s made on a robot wrist of 1n-line
type but the wrist driving mechanism of the present inven-
tion can be applied to a robot wrist of offset type.

According to the present invention, the second and third
drive shaits are arranged in the hollow first drive shaft, and
supported separately and displaced from the first drive shait
with predetermined distances so that a space for arranging,
the cables and pipes 1n the robot arm 1s secured.

Further, the drive source unit including the motors for
driving the first, second, third axes can be arranged fixedly
on the wrist mounting base to avoid a complicated structure,
by providing an annular second gear supported rotatably on
the wrist mounting base around the first axis and engaged in
mesh with a first gear attached to an end of the second drive
shaft, and an annular fourth gear supported on the wrist
mounting base around the first axis and engaged 1n mesh
with the third gear attached to an end of the third drive shaft,
so that the second drive shaft and the third drive shait are
revolvable around the first axis with the rotation of the first
wrist element.

What 1s claimed 1s:

1. A robot wrist driving mechanism for driving a wrist
mechanism provided at a distal end of a robot arm and
having three degrees of freedom around first, second and
third axes, comprising:

a mounting base concentric with the first axis;

first, second and third motors mounted to the mounting
base;

a first wrist element supported rotatably on said mounting,
base, concentric with and rotatable about the first axis;

a hollow first drive shait for transmitting a rotational
driving force of said first motor to said first wrist
clement, relatively to said mounting base;

a second wrist element supported rotatably on said first
wrist element around the second axis;

a second drive shait connected to said second motor and
arranged 1n and extending through an inner space of
said first drive shaftt, eccentrically with the first axis, to
transmit a rotational driving force of said second motor
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to said second wrist element, to rotate same about said
second axis relatively to said first wrist element;

a third wrist element supported rotatably on said second
wrist element, concentric with and rotatable about the
third axis; and

a third drive shaft connected to said third motor and
arranged 1n and extending through the nner space of
said first drive shait eccentrically with the first axis, to
transmit a rotational driving force of said third motor to
said third wrist element to rotate same about said third
axis relatively to said second wrist element.

2. A robot wrist driving mechanism according to claim 1,

turther comprising:

a first gear fixed to said second drive shaft;

a second gear supported on said mounting base, rotatable
about the first axis and meshing engaging said first
gear;

a third gear fixed to said third drive shatt;

a fourth gear supported on said mounting base, rotable
about the first axis, concentric with said second gear
and meshingly engaging said third gear; and

said second drive shaft and said third drive shaft being
supported on said first drive shaft and rotatable about
the first axis with the rotation of the first wrist element.

3. A robot wrist driving mechanism according to claim 1,

wherein a region for arranging cables and/or pipes for a tool
to be attached to said third wrist element 1s provided,
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extended along the first axis 1n the inner space of said first
drive shatt.

4. A robot wrist driving mechanmism according to claim 1,
wherein the second and third drive shaits are concentric
throughout a substantial common portion of their lengths.

5. A robot wrist driving mechamism according to claim 1,
wherein the second and third drive shafts are positioned in
spaced relationship relatively to each other.

6. A robot wrist driving mechanism according to claim 1,
wherein the second and third drive shatts are displays from
an axial, central portion of the first drive shaift to respective
positions displaced radially from the first axis of the first
drive shait toward an interior sidewall portion of the hall of

first drive shaft.

7. A robot wrist driving mechanism according to claim 1,
wherein the second and third dnive shaits are supported
independently and at spaced, fixed axial positions relatively
to each other and displaced from the first axis at respective,
predetermined distances within the mner space of the first
drive shatt.

8. A robot wrist driving mechanism according to claim 7,
wherein the second and third drive shafts are not concentric
with the first drive shait and have respective, minimum
diameters, suilicient to transmit respective drive forces.
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